A step-by-step framework to assess benefits of established temperate marine protected areas Marine protected areas (MPAs) have been advocated as a solution to the challenges of both conservation and modern fishery management, but their application remains controversial, partly because there are only general guidelines for evaluating their effectiveness. We propose a framework to specifically evaluate established MPAs in six steps. We tested the approach by reviewing published research and unpublished information on the Goukamma MPA in the centre of the South African temperate south coast. Information reviewed included effects on the structure of fish populations, catch and abundance indices of fish species, and ecosystem effects. We investigated factors that determine the usefulness of a MPA in fisheries management, including the movement behaviour of adult fishes, larval dispersal and fisher-displacement patterns. We found that differences in the rates of exploitation across the MPA border resulted in differences in abundance, size and condition of the main target species, roman (Chrysoblephus laticeps). The diversity and abundance of non-target fish species, and the composition of the benthic invertebrate community, were affected by the cessation of fishing. The potential for 'spillover' of adult roman might be limited to the vicinity of the MPA by their small home range, but there is potential for self-seeding and dispersal of roman eggs and larvae over wider areas. These theoretical considerations were confirmed by an analysis of catch data from before and after MPA implementation. The framework presented here may help to identify and fill gaps in the knowledge of established MPAs along South Africa's temperate south coast.
Introduction
Marine protected areas (MPAs) have long been advocated as a marine conservation strategy and, more recently, as a way to address the global crisis in fisheries management. [1] [2] [3] [4] [5] [6] [7] In the fisheries context it is now considered best practice to delineate MPAs based on multi-criteria optimisation algorithms and spatial data [8] [9] [10] and to evaluate the effects of such areas, along with other fishery regulations, by way of computer simulations that take uncertainties into account. 11 However, many of the existing MPAs were declared in response to strong motivations for coastal protection, but often without habitat and resource surveys, and without analyses on the potential impacts on fisheries. The early advocacy amounted to calls to implement MPAs quickly to stem the decline in resources, and not to delay such action for want of better information. 3 As a result, the majority of evaluations of the effectiveness of MPAs were conducted post hoc, and relied on cross-boundary comparisons. As opposed to time-series studies such as 'before-after' assessments, cross-boundary comparisons are troubled by certain biases pertaining to the comparability of sites 12 and the fact that abundance changes are determined relative to exploited sites. These relative changes can be misleading because they do not necessarily reflect absolute abundance increases. 13 MPAs can be beneficial for the protection and recovery of fish populations and in the conservation of ecosystem functioning, [14] [15] [16] but their application in fisheries management is still the subject of debate. 17, 18 To be considered as a viable tool for fisheries management, it has to be convincingly demonstrated that the existence of a MPA or MPAnetwork can: (1) serve as an insurance against recruitment failure by protecting enough spawning fish and (2) enhance the fished areas by exporting fish and larvae. These benefits have to outweigh possible negative effects of the MPA for the fishers, such as loss of fishing grounds and increased travel distance, which may result in a reduction of catches. [19] [20] [21] However, rigorous empirical studies on the effectiveness of MPAs with regard to extracting fisheries are still scarce. 22, 23 Arguments for and against MPAs are mostly based on theoretical considerations. 17 The evidence for success and failure of MPAs is often drawn from case studies that are rarely directly comparable because the assessed MPAs differed in size, habitats, climatic regions and management objectives. Results of modelling exercises commonly applied in the fisheries assessment context are often incompatible with results from field studies on animal behaviour and ecology, adding to the confusion surrounding the current debate, although there have been recent efforts to reconcile conservation and fisheries-related MPA research. 24 Testing the effectiveness of a MPA requires a suite of biological, ecological, oceanographic and socio-economic studies that quantify spatial and temporal differences in fish and fisher populations, ecosystems and habitats. We argue that individual studies in any of these fields cannot be conclusive, but a combination of multiple welldesigned studies has the potential to provide measurable criteria on the conservation and fishery benefits of a particular MPA or MPA network.
Building on recent literature on the subject 12, 17, 21, 23, 24 and experiences from our own work, [25] [26] [27] [28] [29] [30] we present a simple, step-by-step framework for the assessment of existing MPAs in temperate South Africa against major fisheries management and biodiversity conservation objectives ( Figure 1 ).
We confine ourselves to these measurable ecological quantities and do not consider criteria that fall in cultural or sociological context (e.g. traditions, beliefs, aesthetic values, ethics), but we do recognise that these issues can play an important part in MPA implementation and management considerations in both the fisheries and conservation context. Also, the framework does not provide for an assessment of management efficiency [31] [32] [33] and the socioeconomic considerations 34 were restricted to fisheries benefits. As opposed to more general frameworks, 35, 36 we focused on a geographic region to provide a framework that is specifically designed for that region, detailed in its Step I
Step II
Step III
Step IV
Step V
Step VI
Determine
Difference in fishing pressure across the MPA boundary?
Differences in oceanography and/or habitat between the MPA and control sites?
Conclude
Assessment not possible due to lack of suitable control sites.
Assessment flawed due to confounding factors.
Assessment not possible due to small fishing differential and/or inadequate reserve size and/or time lag effect.
Conservation benefits through maintenance of ecosystem functioning.
Conservation benefits through functioning refuge.
Conservation benefits through connectivity.
Fishery benefits.
Assessment of indirect effects not possible due to time lag effect.
Conservation benefits through self-seeding.
Limited conservation benefits through self-seeding possible.
Fishery benefits through insurance against stock-collapse possible. We used our framework to assess the Goukamma MPA in terms of both biodiversity conservation and fishery benefits. In the process we reviewed published information pertaining to individual assessment criteria. We chose the medium-sized Goukamma MPA as a test case because (1) it has both conservation and fisheries management objectives, (2) information on most of the above criteria were available, and (3) its central location on the south coast makes it representative of temperate reef habitat in South Africa. We define 'MPA' in this paper as an area where the exploitation of one or more species has been excluded. Goukamma was proclaimed for the protection of offshore reefs, but shore angling was allowed in the MPA, so our assessment of its effectiveness was restricted to the offshore areas. The only type of offshore exploitation occurring in the Goukamma area was boat-based linefishing. Trawling did not occur and effects of pollution or shipping were considered negligible.
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Test case: Goukamma
The Goukamma MPA is situated along the temperate south coast of South Africa. It extends about 18 km alongshore and one nautical mile (1.8 km) offshore, with a total area of approximately 40 km 2 ( Figure 2 ). It includes rocky platforms, sandy beaches, an estuary (the Goukamma River), sub-tidal rocky reefs of aeolianite or sandstone origin, 37 and subtidal sandy and muddy substrata. 38 The MPA was implemented in 1990 for the protection of offshore reef habitats. The offshore reefs in and around the Goukamma MPA provide habitat for a number of endemic temperate fish species. Sea breams (Sparidae) are the overwhelmingly dominant family and roman (Chrysoblephus laticeps) is the most commonly caught reef fish adjacent to the MPA. Roman grow slowly, reach a maximum age of about 19 years and sexual maturity at about 3.5 years old. As a protogynous hermaphrodite, they change sex from female to male at about 9 years old. 27 They are omnivorous throughout their life but increase the fish component in their diet as they grow older and more territorial. 26, 39 Roman occur to a depth of 200 m along the temperate coast of South Africa and are represented in at least 10 MPAs in the Agulhas Bioregion. The Goukamma MPA represents less than 1% of the available habitat for this species.
The offshore reefs surrounding the Goukamma MPA are exploited by recreational and commercial fishers, who operate from motorised boats. Generally, their gear includes fibreglass rods and reels, monofilament or braded lines, chemically sharpened hooks, echo sounders and global positioning systems. Apart from roman, santer (Cheimerius nufar), blue hottentot (Pachymetopon aeneum), red stumpnose (Chrysoblephus gibbiceps) and red steenbras (Petrus rupestris) are commonly part of the reef fish catch in the area. Since 1985, commercial linefish catch and effort data have been collected by the government agency responsible for the management of marine living resources in South Africa. Based on boat skippers' estimates, the information includes daily catch in kilograms per species per boat, number of crew, hours fished, unique vessel code, year, month, date, area and approximate distance from shore.
Although shore angling is allowed inside the Goukamma MPA, the catch differs distinctly from that of the boat-based reef fishery. The eight most commonly caught fishes on offshore reefs comprised over 91% of the boat-based catch in numbers. Only four of these species were recorded in shore angling catches in Goukamma, contributing a mere 1.7% in numbers. 40 As a result, the shore fishery was considered to have a negligible effect beyond the surf zone.
The Goukamma MPA was implemented without rigorous testing or offshore habitat surveys. Ten years after its proclamation, a number of post-hoc fishery independent studies were conducted over a 4-year period to evaluate the MPAs benefit to conservation and its effect on the fishery. [25] [26] [27] [28] [29] [30] These studies were confined to offshore reef habitats in and around the Goukamma MPA which was proclaimed for the protection of overexploited offshore reef fish communities. Effects of fishing on hake (Merluccius capensis), the main linefish target on the soft substrates in the area, were not the focus of investigations and were omitted from the framework because the impact of the handline fishery on this species is negligible in comparison to the trawl sector 41 and the habitat available inside the MPA is mostly too shallow for this species.
Step I: Assessing differences in exploitation pressure
The first condition, not only for the assessment but also for any meaningful function of a MPA, is that there is a significant difference in actual exploitation rates inside and outside the MPA. A lack thereof precludes an assessment of a MPA against control sites. Two reasons for this situation are plausible. The first is poor enforcement and compliance. Although the spectrum of MPAs around the world ranges from mere 'paper-parks' to areas with strict monitoring and control, we argue that there are few MPAs with a 100% compliance rate. [42] [43] [44] [45] [46] [47] Many MPAs suffer from considerable illegal exploitation, sometimes purely as a result of poorly demarcated boundaries. 48, 49 The second is that the areas adjacent to the MPA are only lightly exploited. In some cases MPAs tend to be placed in more remote areas less important for fishers to ease implementation against public resistance. 45 Both of these issues need to be investigated to provide conclusive evidence of MPA benefits.
Monitoring of the positions of fishing boats 50 over 3 years revealed that fishing often occurred close to the MPA boundary, but seldom exceeded 500 m into the MPA (Figure 3) . A significant difference in the average boat count between the MPA core and the fished area (seven outside for every one boat inside the MPA) was found (chi-square test; p<0.001). Although fishing effort concentration along the boundary of a MPA is a common phenomenon ('fishing the line'), 22 ,51,52 the frequency of transgressions or level of illegal fishing inside a MPA is usually not determined in MPA studies. This omission makes it difficult to compare the fishing differential at Goukamma to other MPAs and to predict an effect on fish abundance. However, at geographically separate fishing locations in the Caribbean, a fishing differential similar to that found at Goukamma was sufficient to produce significant changes in abundance, size and assemblage of eight species of parrotfish.
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Step II: Detecting a difference in population parameters If spatial protection is providing any advantage to exploited species, there should be a measurable difference in abundance and/or size or other life-history parameter. This effect can be detected either as an improvement over time in the case of a newly established MPA over and above the natural variability and variability in exploitation rates, 16, 54 or as a difference in these parameters across the MPA boundary in the case of established MPAs, where 'before-after' studies are not possible. In such cases, it must be demonstrated that cross-boundary differences are not just the result of systematic bias in habitat, seasonality or other auxiliary factors (confounding factors), but can be ascribed to differential rates of exploitation. A failure to detect cross-boundary effects could be attributed to a small fishing differential (low exploitation levels or frequent poaching), inadequate MPA size in relation to the home range of the exploited species (too many fish become available to the fishery outside the MPA because of a large home range) or a lag-phase effect. On average, it takes at least 5 years before a reserve effect can be detected. 13 
Test case: Goukamma
Very little information was available on fish density, life history of the target species and the habitats inside and across the Goukamma MPA boundary before implementation. A continuous band of reef runs parallel to the coast straddling the offshore boundary of the MPA. 30 Reef structure inside and outside the protected area was similar in terms of depth range, relief and rugosity. Current measurements implied that there were no systematic differences in current patterns over the reef complex as a result of fast shifting eastward (60%), westward (30%) or southward (10%) currents. 29 A preliminary investigation into the catches of the boat-based linefishery revealed that roman constituted the most important target species on the reef in the area. This species also constituted the most common catch of a high-value species during preliminary research angling.
Controlled angling (273 sites) and underwater visual census (UVC; 177 individual point counts) inside and outside the MPA over a 40-month period revealed that roman occurred in significantly higher densities and mean sizes inside the MPA (generalised linear models (GLM); p<0.001). 27 Sites chosen for comparisons were similar with respect to benthic growth, substratum types, topography and oceanographic conditions. 30 Furthermore, age-at-maturity and age-at-sex-change were lower in the exploited area. The condition factor of roman was significantly lower inside the MPA than outside (0.0283 g/cm 3 versus 0.0295 g/cm 3 ; p<0.001), a probable sign of higher intraspecific competition. 27 Apart from roman, 10 other reef fish species were landed by the boatbased fishery and could be considered secondary target species. However, catch frequencies of these species were less than 20% of the overall catch. Sample sizes were thus insufficient for the secondary target species to be assessed at the same level of detail as roman (i.e. life-history effects). However, this assessment may be possible elsewhere if catches are not dominated by one species. The effects of the MPA on the abundance of secondary target species and non-target species are important from a biodiversity conservation perspective and were considered in the following step of the framework (Step III).
The empirical findings reviewed here suggest that the Goukamma MPA is effective in protecting a spawning population of the main target species in the area. 27 The results are not surprising as similar fishinginduced effects have been found elsewhere. 14, 16, 55 What is noteworthy is that Goukamma is functional despite the rather small area of protected reef 49 which is also continuous with unprotected habitat across the MPA boundary. Both of these factors can compromise a MPA's protective effect, 15 ,56 but would be less important where the home range of the target species is small (see Step IV).
Step III: Detecting ecosystem effects A MPA with its adjacent fished areas could be considered a largescale 'exclusion experiment' which makes it possible to measure the effects of fishing on the ecosystem as a whole. 57 Higher densities of exploited species inside a MPA should have a measureable effect on other species within the ecosystem through interspecific interactions. Densities of species competing with the exploited species (competitors) should be lower inside the MPA when compared to the fished site. 57, 58 The opposite could be true for species which do not compete with the exploited species, given the likelihood that some compete for space and/ or food with the competitors. A failure to detect indirect effects when using adequate sampling methods can have two main reasons. 13 If changes in the abundance of the exploited species are relative rather than absolute, indirect effects do not necessarily follow. This situation can arise where abundance differentials across MPA boundaries rather than time-series are examined. Also, the lag-phase for indirect effects to be measurable after MPA establishment is significantly longer than that for direct effects. As a result, indirect effects may not be detected where time-series are too short or cross-boundary assessments are conducted too early after MPA establishment.
The differences between exploited and protected sites at Goukamma were not confined to the target species. 29, 30 GLMs and multivariate analysis of controlled angling and UVC data also revealed significant differences in species diversity, abundance and size frequency of nontarget fish species. These findings were echoed by differences in benthic invertebrate community structure. Differential fishing pressure across the MPA boundary was the principle explanatory factor. Species that had various degrees of dietary overlap with roman, 39 such as santer, dageraad (Chrysoblephus cristiceps), fransmadam (Boopsoidea inornata) and blue hottentot were less abundant inside the MPA. In contrast, herbivores and small benthic omnivores such as strepie (Sarpa salpa), blacktail (Diplodus capensis) and steentjie (Spondyliosoma emarginatum) were more common inside the MPA because their diets overlapped less with that of roman. Crinoids, the preferred prey of roman, were less abundant inside the MPA. There was also less algal cover inside the MPA, which was attributable to higher grazer (benthic omnivore) abundance. 59, 60 In ecological communities, indirect effects are usually smaller in magnitude and more variable than direct effects. 61 Consequently, few studies have revealed indirect effects of fishing on marine communities even around well-established MPAs. This dearth is partly because of the difficulties associated with separating fishing effects from auxiliary environmental factors in the presence of high levels of natural variability. MPA studies that investigated temperate reefs mainly report on fishinvertebrate interactions. 62 At Goukamma, we were able to show how roman compete with other omnivorous fish within the same trophic guild through such fish-invertebrate interactions. This ability was possible because of a randomly stratified sampling design that took environmental factors into account, thereby reducing the variability in the data set. 27 Furthermore, the small home ranges of the reef fish (see below) meant that indirect effects of fishing were spatially less diffused and changes within the reef community remained local.
Step IV: Evaluating the potential for spillover of adult fishes
The spatio-temporal behaviour of the exploited species has a profound effect on the functionality of a MPA. Theory predicts a density-dependent dispersal of fish, which should result in a measurable net export of fish out of the MPA into the surrounding fishing areas. 63, 64 However, for species with a high degree of site fidelity, a density increase might rather result in a change in physiological parameters such as condition factor or growth rate. In such cases there would be limited potential for spillover of adult fish. On the other hand, for more mobile species, a MPA could still be effective by providing refuge during crucial life-history events such as spawning aggregations.
Mark and recapture and acoustic telemetry studies of roman at three locations along the South African temperate coast, including the Goukamma MPA, indicated that post-recruit roman occupied home ranges between 1000 m 2 and 3000 m 2 . 25, 26 Although these areas can expand to 10 000 m 2 for spawning females, most roman remained resident. Only a small percentage (6-9%) relocated within a distance of less than 10 km. 25 Although it was not studied in similar detail, most of the other reef-associated species found in the area (all members of the sea bream family) have been reported to be resident. 65, 66 No indication of density-dependent movement effects were detected in any of the mark and recapture experiments on these species.
Taking into account life-history parameters, observed habitat distribution, abundance, size frequency, natural mortality and the effect of fishing on the age-at-sex-change determined at Goukamma, 27 the effect of the Goukamma MPA on the roman population was simulated with a spatially explicit individual-based model. 28 The individual trajectories of nearly two million fish over three generations were followed during a simulated implementation of the reserve after 18 years of moderate exploitation. In this simulation, parameters such as age-at-sex-change, abundance and size frequency returned to pristine values 10 years after the MPA was implemented. However, little adult 'spillover' into fished areas was predicted. Fishing mortality and recruitment were kept constant in the model, as the former was not known within the required resolution and the latter was considered to be a function of processes of larger magnitude. Possible boundary effects caused by larval spillover could therefore not be detected in this simulation. The site fidelity of roman makes it suitable to be protected effectively even within very small 'no take' MPAs.
Spillover of adult fish from MPAs into adjacent fishing grounds has been reported from tropical 51, [67] [68] [69] and temperate regions. 52, 70 The detection of spillover crucially relies on information on the movement behaviour of the target species. However, studying movement behaviour is logistically complex and expensive. At Goukamma, the small home range of roman reduced the complexity and costs of this task. The additional information on abundance, life history and habitat distribution allowed for realistic modelling of population recovery and spillover.
Step V: Evaluating the potential for larval spillover Given a higher density of exploited species inside a MPA without adult netmigration into fished areas, the MPA would merely function as a refuge if no spawning were to take place inside its boundaries. If spawning occurs, the larval ecology in the case of pelagic spawners and the oceanographic patterns in and around the MPA, determine its potential to provide conservation or fishery benefits. 71 If no larval spillover was to occur, there would be conservation benefits from self-seeding through maintenance of biodiversity within the MPA. A prerequisite for larval spillover is a production differential of larvae between inside and outside the MPA. If there is larval spillover, fishery and conservation benefits can occur through connectivity to fished areas and other MPAs.
Courtship behaviour of roman during the spawning season 72 was regularly observed during dives in the Goukamma area. 50 Sampling during this period revealed that over a third of the mature roman (N=136) were reproductively active with 'ripe', 'ripe-running' or 'spent' gonads. 50 As a result of the size difference of mature roman at Goukamma, mean gonad weights of female and male roman were higher for individuals inside (♀: 9.2 g; ♂: 4.9 g) than outside (♀: 7.6 g; ♂: 4.2 g) the MPA. Although not studied in roman, a single large female carpenter (Argyrozona Figure 4 : Projected distances of larval dispersal from the Goukamma marine protected area (MPA) into surrounding areas based on current patterns suggested by Tilney et al. 80 and Attwood et al. 81 and mean current velocities measured in the MPA. Arrows indicate potential larval dispersal (a) during long-shore oscillations with periods of 2 to 4 days and (b) upwelling events caused by strong easterly winds lasting for periods between 4 and 12 days. Shaded areas show the positions of MPAs. argyrozona), a closely related species, will produce as many eggs as 72 small females during the same spawning season. 73 Higher densities and more fecund roman inside the MPA are likely to translate into a larval production differential across the boundaries of the Goukamma MPA. 28 The potential for larval spillover from a reserve decreases with reserve size and increases with larval dispersal scale. 71 The dispersal scale depends on pelagic larval duration and current speed. 74 According to in-situ rearing and morphological examinations, 75 ,76 larvae of roman should drift passively in prevailing currents for about 17 days before they actively settle. Currents measured at Goukamma by holey-sock drogue deployments during the spawning season of roman suggested that passive transport across borders (bidirectional-longshore and offshore) would be achieved in time intervals from 5 h to 3 days. 30 The potential of Goukamma MPA to export planktonic larvae of even sessile animal populations of short-distance dispersers was confirmed in a field study on brown mussel (Perna perna), which have a pelagic larval duration of about 15 days. 77 The comparatively long pelagic larval duration of roman, the strong currents at Goukamma (mean current speed of 0.3 m/s and maximum of 0.7 m/s) and the importance of connectivity between MPAs, 78 indicate that an investigation into larger-scale oceanographic patterns and dispersal could reveal further conservation and fishery benefits through larval spillover.
Off the south coast of South Africa, two distinct current patterns occur during the spawning season of roman. 79, 80 A fairly regular long-shore current oscillation is caused by east-moving cyclones with periods of 2 to 4 days and upwelling events caused by strong easterly winds lasting for periods between 4 and 12 days. Projection of long-shore larval dispersal based on the mean current velocities for eastward and westward directions measured at Goukamma suggested connectivity to the Robberg and Tsitsikamma MPAs in the east and fishing grounds around Mossel Bay and the Still Bay MPA in the west (Figure 4a) . The mean velocity for southward currents implied that upwelling could transport larvae between 20 km and 60 km offshore. As revealed from infrared satellite imagery, prevailing easterly winds push the cold water between 50 km and 250 km westwards and the onset of westerly winds then drives the water eastwards and inshore. As a result, larvae could be transported back to the Goukamma MPA, possibly re-seeding the area (Figure 4b) .
A recent genetic analysis of roman along the South African south coast 81 suggested a single well-mixed stock with no obvious change in genetic diversity from Cape Point (450 km west of Goukamma) to Port Alfred (350 km east of Goukamma). The authors concluded that dispersal in roman is 'bidirectional and of a magnitude sufficiently high to homogenize genetic structure' indicating connectivity between regional populations. Although not direct proof of larval dispersal from the Goukamma MPA, genetic analysis of marine populations as such constitute a valuable tool when assessing the dispersal of larvae from MPAs. 82 Measuring larval dispersal remains one of the great challenges in MPA research. 23, 74, 83 Research at Goukamma was no exception and led to the least conclusive evidence in the evaluation process of the MPA. Based on the oceanographic data and the limited information on the larval ecology of sea breams, the investigations presented indirect evidence for possible larval dispersal from the Goukamma MPA. This dispersal may happen over broad scales with potential for self-seeding and connectivity to other MPAs. 81 To date, there is no direct evidence from field experiments for larval dispersal from MPAs in South Africa. The high degree of fish endemism along South Africa's coast makes the likelihood of larval recruitment back into natal populations greater. 84 Nevertheless, there is a need for investigating and quantifying effects of larval dispersal using environmental 85 and chemical tracers.
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Step VI: Detecting effects on the fishery
The establishment of MPAs is likely to cause a change of fishing patterns which may result in additional travel costs and initial loss of catches. To consider a MPA as a fisheries management option, one needs to calculate whether the long-term benefits of sustaining the fishery outweigh any short-term negative consequences for the fishers.
To evaluate this, spatial information on fisheries catches before and after MPA implementation are most useful. For MPAs this information is typically either not available or derived from fishery-dependent catch information. These are of varying spatial resolution and quality.
Test case: Goukamma
Fisheries data for the period 1985-1999 for the area within range of the launch sites of the commercial line boat fleet operating around Goukamma was analysed by one of us (Kerwath; unpublished dataNational Marine Linefish System). The data were examined with regard to changes in fishing patterns, effort and catch in kilograms (i.e. catch per unit effort, CPUE) per boat. A log-linear model with a truncated negative binomial distribution was employed as this model also accounts for potential overdispersion. 87 Confidence intervals for CPUE were estimated using a non-parametric bootstrapping procedure. 88 The model suggested a strong relationship between roman landings and CPUE as an indicator of availability of this resource to the fishery. Results indicated that there was no negative impact on the fishery in terms of increased travel distances as there was no change in spatial fishing patterns. Furthermore, no systematic change in targeting was evident. As expected from the research angling results, 27 there was a steady improvement of standardised CPUE in the Goukamma area, which was elevated at sites directly adjacent to the reserve boundary. After 5 years, a period equivalent to the age of first recruitment of roman into the fishery, 27 the increase became more pronounced. As predicted, an improvement of roman catches was not observed in other areas along the South African south coast.
The presence of spatial fisheries catch data at Goukamma from before and after MPA implementation has to be considered fortunate. The increase in standardised CPUE and landings of roman from 1995 onwards can best be explained by a combination of boundary effects and an increased reproductive output from the reserve and the resultant improvement of recruitment into the fishery. Not only did catch rates and roman landings increase after the establishment of the MPA, there was also no indication that fishers were displaced or had to change their fishing pattern. Although these results are still subject to verification, this observation was an important one which is still rarely considered in the conservation-oriented MPA literature.
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Discussion
Convincing empirical evidence that can ascribe even relatively simple effects, such as differences in abundance between MPAs and exploited areas to differential exploitation, is still rare. 15, 22, 89 By investigating a set of key questions, we were able to show that the exclusion of fishing boats from Goukamma had an overall beneficial effect which manifested itself in a recovery of the species that had been the main target within the MPA, which in turn had positive effects on the maintenance of ecosystem functioning inside the MPA and an improved fishery yield outside its boundaries.
Most of the individual issues identified here have been examined in numerous MPAs around the world, 5 but only in combination can they be used to support or refute the effectiveness of a MPA. This complex task required a framework that could be followed during an assessment. Although such frameworks already exist, existing frameworks were designed to be generally applicable 35, 36 and can therefore lack the necessary methodological detail required in the process. Other frameworks focused on different aspects of MPA assessments, such as management efficiency 31 and economic value, 34 or used mathematical models to describe the trade-offs between conservation and fishery benefits. 90 In this contribution, we proposed and followed a practical step-by-step guide that would be generally applicable to MPAs that aim to derive their benefits mainly from exclusion of exploitation. We acknowledge that there are other mechanisms, for example the exclusion of habitat disturbance through diving and boating or specific protection from marine pollution, which are not covered here. In the case of Goukamma, a medium-sized MPA where the exclusion of boat-based fishing was aimed at protecting temperate reef habitat, the framework was adequate to detect a positive effect on biodiversity conservation and fishery management. The framework may help to identify and fill gaps in the knowledge around similar MPAs with similar objectives and make MPA assessments more rigorous. A more general applicability could be tested using MPAs of different sizes, representative of the various biogeographic regions, habitats, marine resources and extractive users in South Africa and elsewhere.
The history of MPAs in South Africa was not out of step with developments elsewhere. The expansion of MPAs into the offshore realm has brought conservation and fisheries management into further confrontation, which calls for a more rigorous approach to the assessment of the effectiveness of this management tool against more traditional, speciesspecific conservation and management approaches.
